Introduction
Small cell carcinoma (SCC), also known as oat cell carcinoma, is a tumor with poor differentiation, highly invasive nature and poor prognosis, which mainly originates from the pulmonary system. Extrapulmonary SCC (EPSCC) is rare. The gastrointestinal and genitourinary systems are the most common sites of EPSCC. 1 In the genitourinary system, the bladder and prostate are most frequently affected, 2 while ureteral SCCs are extremely rare.
Due to its rarity, the available knowledge of ureteral SCC is based mainly on limited case reports. To our knowledge, the largest reported series presented 3 cases of ureteral SCC in a study by Miller et al. 3 In the current study, we conducted a detailed analysis of 4 patients diagnosed with ureteral SCC at our tertiary center over the past submit your manuscript | www.dovepress.com
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Patients and methods
Patients diagnosed with ureteral SCC at the Peking University First Hospital, Beijing, China, from January 2007 to December 2016, were included. All surgical specimens were reviewed by 2 senior pathologists who were blinded to the patients' personal data. Any evidence of pulmonary carcinoma was an exclusion criterion. Data on clinical and pathological characteristics, therapy and oncologic outcome were collected. The 2010 upper tract urothelial carcinoma (UTUC) TNM classification 4 was used for tumor staging. Written informed consent was obtained from all patients included in the study. This study was approved by the institutional review board of Peking University First Hospital. All procedures performed in studies involving human participants were according to the ethical standards of the institutional and national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.
search strategy
A literature search was performed using the PubMed and Embase database to identify all English articles on primary ureteral SCC, with the text available in full, which were published before October 2016. The search terms "ureter" or "upper urinary tract" and "SCC" or "oat cell carcinoma" or "small cell malignancy" were used. The reference lists of the relevant articles were also searched for additional cases. Two reviewers, independently, selected the patients and performed the data extraction.
statistical analysis
Statistical analysis was performed using the SPSS software version 20.0 (IBM Corporation, Armonk, NY, USA). Descriptive data were presented as frequency and percentages. The relationship between preoperative factors and overall survival (OS) was analyzed using the Kaplan-Meier method, and statistical significance was determined using the log-rank test. The Cox proportional hazard model was used for univariate analyses. A 2-sided P,0.05 was taken to indicate statistical significance.
Results
Out of 508 ureteral tumors collected between January 2007 and December 2016 in our hospital, only 4 cases of primary ureteral SCC were identified ( Figure 1 ). All 4 patients underwent retroperitoneal laparoscopic nephroureterectomy with 
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Clinical and pathological characteristics
Data including demographics, pathological characteristics and treatment plans are summarized in Table 2 . The patients were predominantly male (n=22, 71.0%), with an average age of 66.6 years (range 48-80 years). Most patients were Asian (n=19, 59.3%), followed by Caucasian (n=12, 37.5%). The most commonly reported symptoms were hematuria (n=14, 48.3%) and flank pain (n=14, 48.3%). Five out of 12 patients (41.7%), for which this information was recorded, had a history of tobacco use. The mean tumor size was 3.1 cm (range 0.5-10.5 cm). The most common location of the tumor was the lower ureteral segment (n=16, 69.6%).
Out of 28 patients with available data, 9 (32.1%) were classified as pT1-2 and 19 (67.9%) were classified as pT3-4. Four patients (14.3%) had regional lymph node invasion and only 1 patient (3.6%) had metastatic disease at the time of diagnosis. For 15 cases (46.9%), pathological features coexisted with urothelial carcinoma (UC; n=13, 40.6%), squamous cell carcinoma (n=2, 6.3%), sarcoma (n=2, 6.3%), lymphoma (n=1, 3.1%), adenocarcinoma (n=1, 3.1%) and leiomyosarcoma (n=1, 3.1%).
Treatment and prognosis
Surgery was performed in all patients, with 25 cases (78.1%) undergoing radical nephroureterectomy (RNU). Among the 32 patients, 12 (37.5%) underwent multimodality therapy, with the majority of these patients (n=9) receiving platinumbased adjuvant chemotherapy. Three patients underwent nephron-sparing surgery, without adjuvant chemotherapy. Among the 3 patients, 2 developed distant metastases and died at 9 and 7 months after surgery. For the third patient, no disease progression was observed in the subsequent 36 months after surgery. Only 2 patients, preoperatively diagnosed with SCC, were given neo-adjuvant chemotherapy and both of them were alive without progression during a 24-and 38-month follow-up.
The median follow-up time of the 32 patients was 8 months (range 3-82 months). Among the 32 patients, 3 patients had regional recurrence. Ureteral SCC had low urinary tract recurrence (only 1 patient having bladder recurrence at 6 months postoperatively). Eight patients developed distant metastases, with a mean time of 5 months. Abbreviations: aWNr, alive with no evidence of recurrence; aWr, alive with recurrence; DOD, dead of disease; LND, lymph node dissection; LNU, laparoscopic nephroureterectomy; UC, urothelial carcinoma; M, male; F, female; NSE, neuron specific enolase; CgA, Chromogranin A; Syn, synaptophysin.
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The most common sites of metastasis were the lungs, distant lymph nodes and the liver. Once the metastases developed, the average survival time was less than 2 months. The overall median survival was 17 months, with 1-and 3-year survival rates of 51.9% and 30.3%, respectively (Figure 2A ). In the univariate analysis, female (P=0.009), pure SCC (P=0.03) and advanced T stage (P=0.04) were indicators of poor prognosis (Table 3) . Female patients had a median OS of 7 months compared to 24 months in male patients (P=0.003; Figure 2B ). Compared to patients with pure SCC, patients with components of other types of carcinoma had significantly higher median OS (24 vs 10 months, P=0.04; Figure 2C ). In addition, patients with pT1-2 disease had a higher OS compared to patients with pT3-4 disease (P=0.02; Figure 2D ). The median survival of patients treated by surgery alone and with adjuvant chemotherapy was 17 and 24 months, respectively. However, no statistical difference was observed in OS between the 2 groups. Interestingly, only 2 cases (16.7%) of disease progression were observed in patients receiving adjuvant chemotherapy, compared to 9 patients (45%) treated with surgery alone.
Discussion
Although ureteral SCC was first described over 3 decades ago, 6 knowledge of this disease is still very limited because of its extremely low incidence. Currently, the natural course of disease and treatment recommendations for ureteral SCC are mainly based on knowledge of pulmonary SCC. To provide a comprehensive overview of available data, we performed an in-depth analysis of 32 cases of ureteral SCC. In our study, we found that the natural history of ureteral SCC differs from that of ureteral UC and that the optimal treatment strategy may be different for the 2 conditions. Like in the case of UTUC, 29 most of the patients (90%) were diagnosed after the age of 50 years, with the peak incidence at the age of 70 years. The neoplasm is 2.4 times more common in males, which is also indistinguishable from UTUC. 30 Our data have confirmed that the incidence of ureteral SCC is highest in Asian countries, which may be attributed to genetic susceptibility, dietary habits or environmental factors. 22 Consistent with previous reports, 21 the most commonly presenting symptoms were gross hematuria and flank pain. To date, no patient presented with paraneoplastic syndrome due to inappropriate hormone secretion.
Concerning the risk factors, previous studies suggested that tobacco exposure might be the principal risk factor for both EPSCC and UTUC. 31 However, only 8 patients from previous studies were reported smokers and none of our 4 patients had a history of smoking. Although the extent to which tobacco use represents a risk factor remains uncertain, our findings indicate that smoking may not be particularly important for the etiology of ureteral SCC. Hypothetically, ureteral SCC may originate from the multipotent stem cells of the urothelium or intrinsic neuroendocrine cells present in the ureteral urothelium with neuroendocrine differentiation. 24 Most authors supported the hypothesis that EPSCC originates from multipotent stem cells. 32 In fact, almost half of the patients (46.9%) had other tumor components such as UC and squamous cell carcinoma, which buttresses the hypothesis of the origin of multipotent stem cells.
Much like pulmonary SCC, EPSCC was considered to have an aggressive natural history. 1 In our study, staging data were available for 28 patients. A total of 21 (75.0%) patients had advanced tumors ($pT3) or regional lymph node invasion at the time of diagnosis. However, the proportion of T4 disease was lower than for EPSCC originating from other sites. 33 This finding may be related to the early manifestation with gross hematuria and flank pain of ureteral SCC. After radical resection, systemic recurrence was observed in nearly one-third of patients during a relatively short follow-up, indicating that ureteral SCC may be a systemic 
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Primary small cell carcinoma of ureter disease. The bladder recurrence rate of UTUC after RNU ranged from 15% to 50%, and a single dose of intravesical chemotherapy is recommended postoperatively. 34, 35 However, the bladder tumor recurrence rate of ureteral SCC is much lower than that of ureteral UC; only 1 patient with concomitant UC characteristics had bladder recurrence 6 months postoperatively.
The prognosis of ureteral SCC is poor, with overall 1-and 3-year survival rates of 51.9% and 30.3%, respectively. Even the patients with early-stage ureteral SCC (T1-2) have a dismal prognosis. In addition, we noted that female, pure SCC and advanced stage were associated with decreased OS in univariate analysis. Similarly, the pathological stage and pure SCC were worse prognostic factors of bladder SCC. 36, 37 Interestingly, although gender is no longer considered an independent prognostic factor of UTUC, 38 our data indicate that female patients with ureteral SCC had a significantly worse OS.
Regarding the disease management, there are no guidelines for EPSCC; thus, treatment has been reported to be modified according to anatomical location. 39 However, since distinct biological features were shown in ureteral SCC, the treatment strategy for UTUC may not be appropriate for ureteral SCC. Due to the lack of any reliable preoperative evidence of ureteral SCC, our data showed that most cases were initially managed with RNU. Because patients were at high risk for early disease progression following surgery, multimodality treatment, including RNU following adjuvant chemotherapy or chemo-radiation, was frequently chosen. According to our findings, adjuvant chemotherapy appears to reduce the risk of disease progression compared to surgery alone. However, contrary to bladder SCC, it did not significantly influence the OS. Furthermore, since platinum-based chemotherapy was recommended in EPSCC, 33 the risk of impaired renal function after radical surgery may hinder the application of systemic chemotherapy. 
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Zhong et al Given the low incidence of urinary tract recurrence of ureteral SCC, nephron-sparing surgery with partial ureterectomy may be an option, to preserve renal function for adjuvant therapy. However, this hypothesis needs to be tested cautiously. Interestingly, 2 patients with neo-adjuvant chemotherapy presented favorable outcomes, without evidence of disease progression during a 24-and 38-month follow-up. Despite the chemotherapy-related toxicity, neo-adjuvant chemotherapy prior to surgery guarantees that the patients considered for surgery receive their course of chemotherapy. Moreover, neo-adjuvant strategies may identify those patients who respond poorly to chemotherapy and are not candidates for surgery. The dilemma stands in that there are few reliable preoperative indicators of ureteral SCC other than biopsy, to aid the diagnosis, while the use of preoperative biopsy for all patients with ureteral tumors is still controversial. 40 Several limitations of the current review need to be addressed. First, the results have to be viewed cautiously for their retrospective nature and the total number of patients is relatively small. Second, the study is mainly based on individual case reports or small case series, which may cause heterogeneity of diagnosis and management. Finally, we did not perform a multivariate analysis because of the limited available data.
Conclusion
Ureteral SCCs are extremely rare neoplasms. The limited available data suggest that the disease has an aggressive natural history with poor prognosis. Clinical stage, tumor components and gender may be important factors in determining prognosis. A multimodality treatment approach is recommended. However, further studies are needed to improve the treatment strategy.
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